Objective. The aim was to develop an electronic adverse event (AE) screening tool applicable to acute care hospital episodes for patients admitted with chronic heart failure (CHF) and pneumonia.
Introduction
Preventable adverse events (AEs) in hospitalized patients are common (estimated to be 8 -10%) and result in increased morbidity, mortality and healthcare costs [1 -3] . Credible and accurate data are required to inform the design of healthcare reforms aimed at identifying and reducing the risk of AE and to measure their impact.
Incident reporting systems can be used to detect AE, but they do not provide prevalence or incidence estimates [4] . The gold standard for AE assessment remains a resource limited by the inability to differentiate diagnoses acquired during the hospital stay from those existing prior to admission [6] . In contrast, the Victorian Admitted Episodes Data Set (VAED) that includes routinely collected data for all hospital episodes in the State of Victoria, Australia, has included, for over 10 years, a Condition Onset Flag, known as the C-prefix, which differentiates diagnoses occurring in-hospital (C-pDs) from those present on admission ( prefixed by either P for primary or A for an associated diagnosis).
Based on the VAED data, 11.5% of Victorian overnight hospitalizations were reported to be associated with a possible AE during the period 2000 -01, which incurred an additional cost of $6826 per admission [7, 8] . However, the validity of using unselected C-pDs is uncertain, as some diagnoses (e.g. sideroblastic anaemia), which were included in this study, were clearly not AE. Moreover, this study was focused at the level of 'whole of hospital' AE screening [9, 10] , and the validity of using unselected C-pDs as representing AE across different conditions or medical specialties remains unknown.
The aim of this study was to develop, using Delphi consensus methods, an AE screening tool comprised of diagnoses which a physician panel regarded as potentially representing AE within acute care hospital episodes of patients admitted with two high-volume medical conditions, chronic heart failure (CHF) and pneumonia.
Methods

Study design
A consensus-building study was designed centred on the use of the Delphi process as a means of gaining agreement about the inclusion of specific in-hospital diagnoses as indicators of quality of care issues in the absence of unanimity of opinion and unequivocal evidence of validity. As an iterative process whereby panelists state their opinion anonymously to all members of the panel, Delphi methods avoid the dominance that can occur in face-to-face consensus methods [11 -13] . In this study, methods outlined by the RAND/ UCLA appropriateness method were employed, but with 'agreement' as to whether a specific diagnosis potentially represented an AE as the output rather than 'appropriateness' [14] . Panelists rated their level of agreement to include each C-pD in an AE screening set by scoring between 1 (no agreement) and 9 (full agreement). In Round 2, panelists were provided with their own first round score and the group median score for each C-pD, as well as frequencies of each score across the scale. In response to this panelists then provided a second rating of agreement.
Participants
Delphi panelists were senior consultant physicians in general medicine (n ¼ 38) who had been actively practicing within the previous 5 years and were members of the Internal Medicine Society of Australia and New Zealand (IMSANZ).
All IMSANZ members were informed of the project in December 2008 and those who did not decline involvement in the study were invited by email, sent on two occasions 1 week apart, to participate in the Delphi process.
All eligible panelists were asked to complete a short survey about their years of experience, specialty areas of interest, post-graduate qualifications, work settings (location, size and type of hospital), professional roles and level of understanding of International Statistical Classification of Diseases and Related Health Problems, Tenth Revision with Australian Modifications (ICD-10-AM) coding (excellent, very well, quite well, not very well, do not understand at all).
Data source
The data source for in-hospital diagnoses was the VAED. This data set includes routinely collected administrative and clinical information about all public and private hospital episodes of care within Victoria, which is Australia's second largest state with a population of 5 million people.
Data included within the VAED are extracted from medical records at the time of patient discharge by trained coders using the ICD-10-AM in accordance with Australian Coding Standards published by the National Centre for Classification of Diseases [15] . Currently, for each episode of care, up to 40 diagnoses can be reported to the VAED. As previously mentioned, timing of diagnosis as 'in-hospital' is flagged by a C prefix. Regular auditing has demonstrated the Victorian data to be of high quality [16] .
VAED hospital episodes were included in this study if they occurred between 1 July 2004 and 30 June 2007, were multiday stays for adults over 18 years and had a principal discharge diagnosis of CHF or pneumonia based on ICD-10-AM codes. The ICD-10-AM codes for CHF were: I50.0-1 and I50.9, and for pneumonia were: J10.0-1, J10.8, J11.0-1, J11.8, J12.0-2, J12.8-9, J13-16, J18.0-2 and J18.8-9.
Selection of diagnoses as potentially representing AEs
All C-pDs within these included episodes were extracted for review. Three researchers (C.B., V.S. and J.T.) initially checked the list of C-pDs and excluded those that were clearly not AEs, such as neoplasms and dementia (Table A1) . A random sample of the final set of candidate C-pDs was piloted for scoring by three independent physicians to assess clarity and ease of completion.
To reduce the burden on individuals, panelists were randomly divided into two groups; each group was then randomly assigned 50% of the CHF and 50% of the pneumonia C-pD codes. Both groups received a small number of the same C-pDs (n ¼ 34) to allow a between-group analysis and individual panelists received duplicate codes within rounds (n ¼ 13) to assess intra-rater reliability. Each group assessed 44 C-pDs with and without the principal diagnosis responsible for admission (total 88).
Statistical analysis
The data analysis was undertaken using Stata10 (StataCorp, TX, USA) and MS Excel 2003
# . Details about panelists were summarized using descriptive statistics. The Kruskall -Wallis test was used to determine the differences in clinician responses based on their years of experience and understanding of codes. For each round, group median agreement scores and frequencies were calculated for each C-pD. Median group scores that included fractions of 0.5 and above were rounded up to the nearest whole number. C-prefix diagnoses were included in the final set if the group median agreement score was 7-9. Dispersion among scores as a measure of the level of agreement between panelists was assessed using the Interpercentile Range Adjusted for Symmetry (IPRAS) [14] . For any given diagnosis, if the IPRAS is larger than the designated interpercentile range (30 -70%), then there is a low degree of dispersion among participants, i.e. high level of agreement. Between-group differences in scoring the same C-pD were assessed using a Bland Altman plot [17] and results summarized as mean difference and standard deviation (SD).
Intra-rater reliability was assessed using the Kappa statistics where a difference of +1 point difference in the score was considered to represent the same level of response.
This study was approved by the Melbourne Health Human Research Ethics Committee.
Results
Frequency of candidate in-hospital diagnoses
There were a total of 72 087 multiday discharge episodes in the VAED between July 2004 and June 2007 with a principal diagnosis of CHF (31 336) or pneumonia (40 751; Fig. 1 ). There were 1248 unique three character C-pDs (601 CHF and 647 pneumonia), which were seen in 17 645 (24.5%) episodes of care overall with a range of 0 -36 C-pDs per episode and a median of 2 (interquartile range: 1 -4). After initial review by three authors which excluded 409 C-pDs that were clearly not AE, 697 C-pDs (332 CHF and 365 pneumonia) remained as candidate diagnoses for physician review.
Delphi panelist participation
Sixty-nine of 321 eligible physicians (21%) agreed to participate. Eleven (3.4%) emails were undeliverable, 51(16%) declined and 190 (59%) did not respond. Thirty-eight (81% Round 1 group and 12% of eligible physicians) completed Figure 1 Flow chart for data extraction of CHF and pneumonia C-prefix diagnoses from the VAED.
Delphi Rounds 1 and 2. There were no differences in panelist characteristics between the two randomly assigned groups of physicians (Table 1) . Overall, the panelists had extensive clinical experience (78.9% .10 years), and more than half had had experience in hospital management and/or clinical governance.
Selection of diagnoses for inclusion and level of agreement
A group median score of 7 -9, with high levels of agreement, was obtained for 109 (14%) C-pDs in Round 1 and 124 (16%) in Round 2 as diagnoses potentially representing AE. After the removal of duplicates, all remaining 113 three character codes were associated with low levels of dispersion (IPRAS . IPR) and were included in the final set.
Of these 113 C-pDs, the 30 most prevalent C-pDs (Table 2) were similar for both CHF and pneumonia episodes, although there were differences between conditions. For example, hypotension (I95) was more frequent within CHF episodes (18.2 vs 11.1%, P , 0.001), whereas respiratory failure (J96) and delirium (F05) were more frequent for pneumonia episodes (2.1 vs 4.6%, P , 0.001, and 1.5 vs 2.4%, P , 0.001, respectively). The frequency of C-pDs was generally higher when episodes included both CHF and pneumonia compared with either condition alone (Table A2) . Common geriatric syndromes, including pressure ulcers, falls and cognitive dysfunction, were among the most prevalent C-pDs for both conditions. There was also a high level of agreement among panellists to remove the 409 excluded C-pDs, with large dispersion of ratings (representing some variation in opinion) associated with only 8 (2%).
Thirty-four C-pDs were rated by both randomly chosen panels and for 33 (97%) inter-rater reliability was acceptable (within 2 SD of the mean based on the Bland-Altman chart). Thirty-eight C-pDs were rated on a second occasion by the same physician for which intra-rater reliability varied between moderate agreement for 3 (kappa 0.41 -0.6), substantial agreement for 6 (kappa 0.61 -0.8) and near perfect agreement for 29 (kappa 0.81 -1. There was no difference between physician ratings in Round 2 based on years of experience (x 2 with 3 d.f. ¼ 2.022, P ¼ 0.568) and understanding of ICD-10-AM diagnostic codes (x 2 with 3 d.f. ¼ 2.708,
There was also no difference in repeated rating of ICD-10-AM diagnostic codes between clinicians based on years of experience (x 2 with 3 d.f. ¼ 1.024, P ¼ 0.777) and understanding of the codes (x 2 with 3 d.f. ¼ 3.618, P ¼ 0.306). When C-pDs were provided to the clinician with and without the primary admission diagnosis, there were differences in agreement ratings for 15 (17%) and 25 (28%) C-pDs in Rounds 1 and 2, respectively, but these differences did not exceed a value of 2 on the rating scale. On two occasions of higher scores, when no diagnosis was provided and on one occasion where the provision of diagnosis was associated with a higher score, this led to a C-pD being included that would otherwise have been excluded.
The proportion of all extracted patient episodes that flagged positive for a potential AE decreased from 24% (95% CI: 23.7, 24.3) using all candidate C-pD codes prior to the Delphi process to 14% (95% CI: 13.9,14.4; P , 0.001) after the Delphi process when the final agreed C-pD set was applied.
Discussion
The focus of AE literature has been on high-volume, highcost areas usually related to surgery and procedures. Yet, previous studies report rates of AE in medical admissions of between 2.6 and 6.5% [2, 6] , with data from Australia, suggesting that these are associated with the highest levels of disability (41%), deaths (20%) and preventability (73%) [2] . Using the Delphi methods, we have developed a set of C-pDs that physicians consider to credibly represent potential AE. The engagement of practising physicians is crucial to developing measures of quality of care performance that are to be used to drive quality improvement. Our results support ongoing tool development with validation by comparison to the gold standard: medical record review. The C-pDs in our set include organization wide events commonly reported within incident reporting systems, such as falls, fractures and procedural complications, but importantly also include clinical events not routinely captured by such systems, such as venous thrombo-embolic episodes, sepsis and volume depletion.
The Delphi process has been criticized for not allowing interactive discussion; however, the high levels of agreement for both included and excluded diagnoses circumvented the need for resource intense face-to-face meetings. The Delphi process significantly reduced the potential number of flagged records requiring screening from 25 to 14%, but while this is likely to increase the specificity of the screening tool, the impact on sensitivity and burden of review will need to be investigated.
Comparing the results of our study with those in another Victorian study, although some of the most prevalent C-pDs were the same as those used here (such as electrolyte disorders and volume depletion), others were different (such as anaemia, atrial fibrillation, fever, urinary tract infection and gastroenteritis) [8] . This may be explained by our physician panelists including only specific codes for anaemia such as drug-induced anaemia as potential AE vs all cases of anaemia and specific causes of gastroenteritis, such as Clostridium difficile, rather than all cases of gastroenteritis. Our panelists also did not rate nausea and vomiting, atrial fibrillation and flutter and fever as being highly predictive of AEs. Complications of genitourinary devices were included, but not urinary tract infection in isolation. Organization-wide AEs, such as falls, pressure ulcers, medication and device-related diagnoses were rated highly as representing AEs.
More recently, Jackson et al. have refined their original AE screening tool to develop the Classification of Hospital Acquired Diagnoses (CHADx) tool, which includes 4345 unique in-hospital diagnosis codes grouped into 144 subclasses and 17 'roll-up' groups. Their reported methods suggest the primary decisions about inclusion were made by the authors with input from three independent clinician reviewers [10] . Nausea and vomiting, urinary tract infection and constipation remain independent subclasses within this tool. The key differences in methods used by Jackson et al., and the present study reflects the clinical spectrum and setting for which the tools were developed, our focus being clinical department and condition rather than whole of organization.
We do not recommend that our final set of C-pDs be used to measure the burden of potential AE but instead as a 'screening tool' to identify individual patient records that require more detailed review. Importantly, only 14% of C-pDs attracted strong final agreement from experienced physicians as having face validity as potentially representing AE. In light of this finding, aggregating C-pDs as a measure of AE burden and using this as a risk-adjusted performance measure for comparing hospitals without further validation Statistical difference between rates while comparing CHF only vs pneumonia: *P , 0.05, **P , 0.01 and ***P , 0.001.
[18] could generate misleading overestimates of preventable AE burden and trigger inappropriate and wasteful managerial responses. Further evaluation is required, even for those C-pDs that were accepted on face value potential AEs, before applying them as valid screening tools. For instance, highly prevalent diagnoses such as 'electrolyte disorders' may be associated with considerable 'noise' and low specificity. It will also be important in further validating our tool to assess the impact of including C-pDs for which panelist agreement scores were somewhat lower (within the 4-6 range) than those chosen in this study (7 -9 range), particularly those associated with low levels of agreement (codes which we rejected from our tool). Our study has several other limitations. Although there is no recommended number of panelists for the Delphi process, the panel represented only a small proportion of eligible practising physicians and we had no detailed workforce data available to compare characteristics of our sample with those of the total physician workforce. However, there is evidence to suggest that volunteer panels are representative of their colleagues [19] and our panelists demonstrated a broad range of years of experience, familiarity with managing CHF and pneumonia and knowledge of diagnostic coding in routinely collected hospital discharge data.
There are well-documented limitations in use of routinely collected coded data [20] . Although the quality of the VAED, with regard to the accuracy of documented and coded diagnoses, is high [16] , the attributes of each C-pD is uncertain and validity of each code in relation to actual clinical diagnosis is untested. The most recent systematic audit of Victorian coded data included the C-pD variables and early results indicate C-prefixes are coded as well as the diagnoses with which they are tied (Department of Health, Victoria, personal communication, November 2010).
While the set of included C-pDs currently relates only to CHF and pneumonia episodes, there was considerable commonality in codes for both conditions and this did not vary according to whether panelists were aware of the principal discharge diagnosis. If this is verified in further studies, the tool could be used to screen for potential AE for an expanded set of primary discharge diagnoses.
The use of coded diagnoses to screen for AE is likely to underestimate AE in that it more likely detects events due to acts of commission rather than cases of omissions in care such as failure to diagnose or evaluate effectively. This underscores the need for departments to consider a number of different screening methods to assist quality improvement activities.
Further evaluation of this tool will include comparison of screening utility with tools dependent on the manual inspection of discharge summaries and other tools such as CHADx [10] based on routinely collected data.
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Table A2
Prevalence of final set of agreed C prefix diagnoses and their descriptions by proportion of C-prefix episodes and total episodes of care Code(s)
Description of included C-codes/C-code groups Statistical difference between rates while comparing CHF only vs PN, *P value ,0.05, **P value ,0.01, ***P value ,0.001. Statistical difference between rates while comparing CHF/PN only vs both conditions with # P value ,0.05, ## P value ,0.01, ### P value ,0.001. þ Both Conditions ¼ where the principal reason for admission was CHF or Pneumonia and there was associated co-morbidity with one of these diagnoses. þþ External cause codes are additional codes use to add descriptive information to diagnosis codes S00-T98. They are therefore never used in isolation.
